Microbial fuel cells present an emerging technology for utilizing the metabolism of microbes to fuel processes including biofuel, energy production, and the bioremediation of environments. The application and design of microbial fuel cells are of interest to a range of disciplines including engineering, material sciences, and microbiology. In addition, these devices present numerous opportunities to improve sustainable practices in different settings, ranging from industrial to domestic. Current research is continuing to further our understanding of how the engineering, design, and microbial aspects of microbial fuel cell systems impact upon their function. As a result, researchers are continuing to expand the range of processes microbial fuel cells can be used for, as well as the efficiency of those applications.
understand how to optimize these mechanisms for optimal MES productivity. Over the past five decades, many patents have been filed, describing inventions in which bacterial metabolic activity is harnessed to enhance MES function [27] [28] [29] [30] . In the anode compartment, electroactive microorganisms (EAMs) called electricigens utilize the anode as an extracellular electron acceptor, thereby generating small amounts of current [31, 32] . In the cathode compartments of these systems, EAMs called electrotrophs catalyse the production of useful biofuels such as hydrogen [33, 34] by utilizing the electrode as an extracellular electron donor.
There are a range of currently known EAMs which are capable of interacting with electrodes. Among the most well characterized electricigens are those belonging to Geobacter and Shewanella genera, including Geobacter sulfurreducens and Shewanella oneidensis [6, 35, 36] . Other known examples of EAMs include those from the genera Pseudomonas [37] , Geothrix [38] , Clostridium [39] , Desulfuromonas [31] , Desulfovibrio [40] , Desulfobulbus [41] and Enterobacter [42] . Not as many electrotrophs have been identified to date, and these include Geobacter [33, [43] [44] [45] , Clostridium, Moorella [4] , Sporomusa [4, 46, 47] . Given this broad range of EAMs, it is not surprising that they often differ in the types of mechanisms they utilise for extracellular electron transfer (EET).
Bacteria-Anode Interactions
As previously mentioned, electricigens are capable of utilising the anode as a terminal electron acceptor and the currently known mechanisms by which they perform this extracellular electron transfer (EET) include direct EET (DEET) via either cytochromes from the microbe to the electrode, pilin mediated EET (PEET) utilising pili structures or indirect transfer via electron shuttle-mediated EET (SEET) ( Figure 1 ) [36, 48] .
The Living Building Blocks of MESs

The Bacteria-Electrode Interface
Thus far, we have discussed the role that alternative architectures and materials play in influencing MES function. In this section, we will focus on the biological aspect of these systems, describing the complex array of microbial electron transfer mechanisms within electrode biofilms as a means to understand how to optimize these mechanisms for optimal MES productivity. Over the past five decades, many patents have been filed, describing inventions in which bacterial metabolic activity is harnessed to enhance MES function [27] [28] [29] [30] . In the anode compartment, electroactive microorganisms (EAMs) called electricigens utilize the anode as an extracellular electron acceptor, thereby generating small amounts of current [31, 32] . In the cathode compartments of these systems, EAMs called electrotrophs catalyse the production of useful biofuels such as hydrogen [33, 34] by utilizing the electrode as an extracellular electron donor.
Bacteria-Anode Interactions
As previously mentioned, electricigens are capable of utilising the anode as a terminal electron acceptor and the currently known mechanisms by which they perform this extracellular electron transfer (EET) include direct EET (DEET) via either cytochromes from the microbe to the electrode, pilin mediated EET (PEET) utilising pili structures or indirect transfer via electron shuttle-mediated EET (SEET) ( Figure 1 ) [36, 48] . 
Direct Extracellular Electron Transfer (DEET)
Microbial communities enriched at anode surfaces placed in the environment are commonly dominated by proteobacteria, of which Geobacter spp. is a member [49] . The direct transfer of electrons to electrodes has been most heavily investigated in G. sulfurreducens [6] The direct exchange of electrons from microbes to an electrode is achieved by membrane-bound cytochromes such as OmcZ [50] . G. sulfurreducens has been demonstrated to have a substantial diversity of cytochromes, suggesting the potential for flexibility in cytochrome function, and of these, OmcZ has been the most well characterized cytochrome in the direct transfer of electrons to electrodes in MFCs [6, [50] [51] [52] [53] [54] . The importance of OmcZ to electron transfer to electrodes and subsequent current generation became apparent after the deletion of OmcZ was observed to decrease the ability to exchange electrons to the anode, while deletions of other cytochromes did not have as significant an effect [51] .
Pilin-Mediated Extracellular Electron Transfer (PEET)
G. sulfurreducens is also capable of electron transfer over longer ranges via electroconductive pili [55, 56] . The presence of OmcS aligned along the length of pili has been suggested as one mechanism increasing conductivity for electron transfer [52] . The use of pili as a conductive electron transfer network throughout G. sulfurreducens biofilms has been suggested based on the observation of relatively thick biofilms being electroconductive [56, 57] . Furthermore, the conductive nature of G. sulfurreducens pili has been demonstrated through the replacement of its PilA with that from Pseudomonas aeruginosa, resulting in decreased conductivity and the ability to reduce Fe(III) Oxide [58] . The metallic-like conductive nature of pili has, however, been a controversial topic, with differing interpretations of data resulting in different hypotheses [59] [60] [61] [62] [63] .The alternative hypothesis, known as the super exchange model of electron transfer, has also been proposed, in which electrons are proposed to successively transfer between redox proteins via a "hopping" mechanism [64] . However, this hypothesis is argued to be less suited to current knowledge surrounding biofilm conductivity than the hypothesis of a metallic-like conductivity of pili [62, 64, 65] . Subsequent investigation has further supported the metallic-like conductivity of G. sulfurreducens pili based on the structural arrangement of aromatic amino acids of the pili [60] . More recently, the expression of electroconductive PilA from G. metallireducens by G. sulfurreducens has been found to improve conductivity of pili beyond that of any other EAM currently known [66] . Interestingly, this model for pili conductivity is different to that seen in S. oneidensis, in which it is more likely suggested that electrons hop between redox sites along membrane extensions [67, 68] 
Shuttle-Mediated Extracellular Electron Transfer (SEET)
The production and use of soluble electron shuttles by microorganisms allow the reduction of electrodes without the need for direct contact with them. While electron transfer of Geobacter sulfurreducens to anodes is observed to occur within electroconductive biofilms, the transfer of electrons to anodes by Shewanella oneidensis has been observed to occur via endogenously produced redox shuttles by mainly planktonic S. oneidensis [6] . Flavins produced by S. oneidensis can be reduced by the microbe via c-type cytochromes and subsequently oxidized during interaction with a metal such as Fe 3+ or an electrode [69] .
Bacteria-Cathode Interactions
Cathode-associated electrotrophs are capable of utilising the cathode of MESs as an electron donor, consuming the electron flow generated from the initial electron transfer by electricigens [4] . The composition of cathode-associated communities is less well understood than anode communities [70] . Unlike anode-associated communities, cathode-associated communities have been demonstrated to contain a mix of both aerobic and anaerobic microbes, and one study found a dominance of Oceanospirillales, followed by Bacteroidales, within cathode-associated communities [70] . Of the Oceanospirillales, Nitrincola spp. were most prevalent at the cathode, and being aerobic, it has been suggested that an oxygen gradient may influence cathode community structure [70] . Consideration of the microbial community associated with cathodes may be an important consideration for PMFCs, both in regards to how those communities may affect the plant, and how differing conditions of PMFCs, including the availability of oxygen and water, may affect microbial community composition and function.
Bacteria-cathode interactions are of particular importance in the synthesis of biocommodities such as biofuels. However, in comparison to bacteria-anode interactions, the mechanisms of cathode interactions and their study are less prevalent. It has been predicted that mechanisms of direct electron transfer, including c-type cytochromes, are likely similarly important for cathode reactions as anode reactions ( Figure 2) ; however, operating instead at differing redox potentials [71] . Other mechanisms such as flavins, ferredoxins, rubredoxins, hydrogenase, and formate dehydrogenase have also been investigated for the potential of cathode interaction [72] . The acetogenic EAM Sporomusa ovata has been used to demonstrate the production of acetate and 2-oxobutyrate with up to 86% of electrons from the cathode appearing in these products [4] . However, further optimisation of the microbial and industrial processes for biofuel and other biocommodity production will be required if these devices are to provide a viable alternative to fossil fuels [73] . dominance of Oceanospirillales, followed by Bacteroidales, within cathode-associated communities [70] . Of the Oceanospirillales, Nitrincola spp. were most prevalent at the cathode, and being aerobic, it has been suggested that an oxygen gradient may influence cathode community structure [70] . Consideration of the microbial community associated with cathodes may be an important consideration for PMFCs, both in regards to how those communities may affect the plant, and how differing conditions of PMFCs, including the availability of oxygen and water, may affect microbial community composition and function.
Bacteria-cathode interactions are of particular importance in the synthesis of biocommodities such as biofuels. However, in comparison to bacteria-anode interactions, the mechanisms of cathode interactions and their study are less prevalent. It has been predicted that mechanisms of direct electron transfer, including c-type cytochromes, are likely similarly important for cathode reactions as anode reactions ( Figure 2) ; however, operating instead at differing redox potentials [71] . Other mechanisms such as flavins, ferredoxins, rubredoxins, hydrogenase, and formate dehydrogenase have also been investigated for the potential of cathode interaction [72] . The acetogenic EAM Sporomusa ovata has been used to demonstrate the production of acetate and 2-oxobutyrate with up to 86% of electrons from the cathode appearing in these products [4] . However, further optimisation of the microbial and industrial processes for biofuel and other biocommodity production will be required if these devices are to provide a viable alternative to fossil fuels [73] . 
The Electrogenic Biofilm Interface
Given that mixed community biofilms can form on electrode surfaces, it is important to also consider the EET activities between microbes existing in these electrode biofilms. Bacteria can 
Given that mixed community biofilms can form on electrode surfaces, it is important to also consider the EET activities between microbes existing in these electrode biofilms. Bacteria can exchange electrons between one another in an indirect manner via exogenous shuttles such as hydrogen and formate [74, 75] , or via the more closely associated mechanism of direct interspecies electron transfer (DIET), where electrons can be transferred directly between bacteria [76] [77] [78] [79] . The interactions between microbes within electroconductive biofilms may be syntrophic or competitive, and in turn may alter the performance of MECs for the production of power or bioremediation [80, 81] . The syntrophic transfer of electrons in mixed species biofilms allows for microbes that may not individually be capable of oxidising a compound to survive. For example, the growth of G. sulfurreducens and G. metallireducens in the presence of ethanol and fumarate results in the reduction of fumarate by G. sulfurreducens, producing hydrogen which in turn is consumed by G. metallireducens in the metabolism of ethanol [36, 76] . In the environment, the activity of Geobacter species within methanogenic rice paddy soil has been linked with the potential for syntrophy with methanogens, indicating the potential for use in biogas production [82] [83] [84] . Furthermore, by allowing electron transfer between species without close contact, DIET can be enhanced by the presence of conductive materials such as biochar, carbon cloth and granular activated carbon [85] [86] [87] .
Electrode Materials
The materials used for electrodes in MESs can be divided into three groups: anode materials, cathode materials and other materials such as fillers and mediators [88] . There are many factors that contribute to what material makes a good electrode, including easy availability, high conductivity, low cost, high surface area, low chemical reactivity and the rate of electron transfer within the MFC, which relates directly to power output [88] . One material that fits all of the above criteria is carbon/ graphite, which makes it a popular choice for electrodes.
Carbon-Based Electrodes
Carbon materials can be further separated, due to their architecture, into three groups: plane structures (carbon rods), packed structures (granulated carbon) and brush structures [88, 89] . Plane structures are often used in the laboratory and consist of carbon cloth/mesh/paper and graphite rods/blocks. Due to their excellent conductivity and chemical resistance, graphite rods are one of the most commonly used materials for the anode. The downside of this material is its limited surface area [88] . Carbon paper can also be difficult to use as it is thin and brittle, whereas roughened items such as carbon cloth/mesh are better due to their high surface area. Carbon mesh is also considerably less expensive than carbon cloth and generates a higher power density [89, 90] . Activated carbon cloth removes more sulfide than other electrode materials due to its higher surface area and absorption capacity [91] . Graphite felt improves on both carbon cloth and mesh due to its thick but loose structure allowing for more bacterial adhesion due to the increased surface area [89] . Carbon fibre veils and papers have also been investigated as electrode materials and found to improve current generation by up to 40% compared to graphite rods, attributed to the increased surface area available for microbial biofilm [92] [93] [94] Packed structures work to increase the surface area of the electrode, such as with granular graphite [89] . For the electrode to be properly conductive, the granular graphite must be packed tightly; however, 'dead zones' of current production can exist, along with clogging of the graphite, particularly after long-term running [89, 95, 96] .
Granulated activated carbon (GAC) has recently been studied as a potential anode material. It is inexpensive and provides a substantially increased surface area, which bacteria can adhere to [88] . GAC has also been used in composite electrodes together with multiple graphite rods in a single-chamber MFC (SCMFC) [97] . The GAC provides additional surface area for bacterial adhesion while the multiple graphite rods reduce the resistance of the MFC by the reduction of the distance for electron transfer within the GAC bed. The resultant GAC-SCMFC reached a maximum power density of 7.2 Wm −3 , several times higher than a standard two-chamber MFC (2CMFC) [97] .
Building on the improvements of the packed structure for electrode development are brush structures. The use of brush structures as anodes was studies by Logan et al [95] . Brush electrodes consist of a highly conductive, non-corrosive metal core that is wrapped in graphite fibres. These are wound in an open structure to increase surface area and reduce fouling [95] . Another advantage of brush electrodes is their scalability. In comparison to other electrode materials, brush electrodes can be scaled up and have been used successfully in naval applications as cathodes in benthic MFCs [2, 95] 
Other Materials
Compounds other than carbon-based materials can be used for anode construction, with studies investigating the properties of other materials such as stainless steel, gold and titanium. However, these materials often provide a similar power outage to carbon and are considerably more expensive [88] . Other problems with metal electrodes include corrosion issues and the smooth surface that prevents bacterial adhesion [89] . Stainless steel, gold and titanium are the most commonly used metals. These types of electrodes work well in marine environments [98] . In this environment, a stainless steel cathode covered in a seawater biofilm was able to maintain 64 mWm −2 and a current density of 1.89 Am −2 [99] . Gold and titanium have also been used in a number of studies. Gold was found to be as effective an electrode as graphite by Richter et al [100] ; however, uncoated titanium was found to be less effective [101] . In addition to other materials, surface treatments and coating are also used to improve electrode performance [89] . This can commonly include coating graphite in metals such as gold or palladium. This has the effect of increasing electrode performance over plain graphite [102] .
Cathode construction also plays a part in power generation, and cathodes are often constructed from the same carbon-based materials as the anode. The difference is that the cathode needs to have a high redox potential, which can be improved by using catalysts such as platinum (Pt) or lead oxide (PbO 2 ) [88] . The expense of metals such as Pt limits the use of non-carbon cathodes.
The Design and Application of MESs
MESs have been extensively studied from a bioelectrochemical, microbiological and engineering perspective [103] . This has meant that, over time, MES platform designs have been refined, depending on their final application, in an endeavour to increase outputs and efficiency. This has resulted in a number of different MES architectures ( Figure 3) ; however, MESs are divided into two main groups. Firstly, power-generating MFCs, which include two-chamber and single-chamber MFCs, and stacked MFCs; subsets of this group, relying on redox differentials within sediments, include benthic and sedimentary MFCs. Secondly, product/biofuel-producing MECs that include biofuel-producing MECs, chemical commodity producing MECs, and microbial desalination cells (MDCs), in addition to microbial solar cells (plant, algae and photosynthetic bacteria) capable of enhancing biofuel production in addition to generating biomass. Typically, an MES contains the same basic components: an anode and a cathode in separate chambers except in a single-chamber MFC (SCMFC) where the cathode is exposed to air, a proton exchange membrane (PEM), external load/resistance, a carbon source, electron donor and an electron acceptor [15, 104] . This section details some of the most commonly used architectures and types of MESs used in both power-producing and product-producing applications. 
MFCs for Power Production
Traditionally, MFCs are used to generate power from the oxidation of organic matter by bacteria and the transfer of electrons from the anode to the cathode [105] . The classic H-style two-chamber 
Traditionally, MFCs are used to generate power from the oxidation of organic matter by bacteria and the transfer of electrons from the anode to the cathode [105] . The classic H-style two-chamber MFC (2CMFC) is often the MFC design used in laboratory research and is similar to a standard electrochemical cell [15] . The basic configuration is of an anodic chamber separated from the cathodic chamber by a PEM. In this design, the microbes pass electrons obtained from the oxidation of the electron donor to the anode [106] . The electrons flow from the anode to the cathode, where they react with the protons that have passed into the cathodic chamber via the PEM and the electron acceptor (oxygen) to form water. To improve the power output of 2CMFCs, SCMFCs with air cathodes were developed which reduce the internal resistance of the MFC and the cost [106, 107] . In these systems, the cathodic chamber is removed and the cathode is exposed directly to the air, with or without a membrane [106, 107] . The membrane prevents oxygen diffusion into the anodic chamber as well as preventing water leakage to the cathode [106, 108] . A further attempt to increase current output and substrate oxidation came with stacked MFCs, which evolved out of SCMFCs [1, 109, 110] . MFCs can be stacked either in series or parallel. When connected in series, the voltages of each MFC are added together and a common current flows through all [110] . However, if the MFCs are connected in parallel, the voltage is averaged and the currents are added. This flexibility allows the user to construct stacks that produce any desired current or voltage [110] . The standard set-up consists of the anode separated from the cathode by a PEM and separated from the next cell by a rubber gasket. Once the desired number of cells are added, the whole stack is bolted together [15, 110] . One consideration of stacked systems is that the stack must be continuously fed with substrate as opposed to batch feeding [110, 111] . This is to prevent fuel starvation in one of the cells of the stack. If this occurs and the microbial community dies, the overall voltage produced declines. So far, stacked systems show the most potential for miniaturisation and commercial up-scaling due to their ability to be connected in either series or parallel and their increased voltage production [111] [112] [113] . The efficiency of current generation in stacked MFC systems has also been successfully improved through the electrical reconfiguration of stacks between parallel and series to optimise voltage range [114] . Recent examples of stacked MFC systems have reached peak power densities of 50.9 ± 1.7 W/m 3 and COD removal of 97%, while stacked MEC systems for the refining of bioethanol have reached 91% efficiency of methane generation from waste products [115, 116] .
Benthic and Sedimentary MFCs for Power and Biofuel Production
Reimers and Tender have been at the forefront of benthic MFC (BMFC) development [13, 14, 31] . Tender pioneered the development of benthic unattended generators (BUGs), which generate electricity from the microbial consumption of organic matter in aquatic sediments [10, 13, 14] . BMFCs are also known as sediment MFCs (SMFC) and their layout consists of an anode embedded into the sediment with the cathode suspended in the overlying water column [1] . Electrons from the oxidation of organics are transferred to the anode and pass onto the cathode where dissolved oxygen is reduced to water [1, 117] . The abundance of organics in marine and other aquatic environments guarantees a continuous but low power output. This is advantageous when powering remote sensors and weather equipment, as there is no need to constantly replace batteries. In fact, Malik et al [118] estimated that it would take 22 years to consume all of the organics in 1 L of wet sediment (6% organic matter), producing an average continuous current of 0.3 mA, making SMFCs a promising alternative to battery-powered marine sensors [1] . In areas of low organic matter, SMFCs can be positioned in areas with high organic flux such as beneath fish farms, near wastewater treatment outlets and other nutrient-rich environments [2] . The use of BMFCs as an in situ restoration solution for the degradation of polycyclic aromatic hydrocarbons (PAH) has been demonstrated using sediments from riverbeds with up to 50% removal of some PAHs over a 60-day period [119] . BMFCs present an ideal alternative power source compared to replaceable batteries for marine sensors such as magnetometers and acoustic sensors, with these systems having been operated for up to 6 months purely on BMFC-provided power [120, 121] .
MECs for Biofuel Production and Chemical Synthesis
Microbial electrolysis cells (MECs) incorporate electrotrophic microorganisms at the cathode, which utilise it as an electron donor. These microbes catalyse thermodynamically expensive electrolysis reactions so that the MEC can synthesize biofuels or commodity chemicals in an energetically favourable manner [5] . Some of the biofuels produced include hydrogen, methane, butanol and ethanol, and the commodity chemicals generated include glycerol, acetate and 2-oxobutyrate [4, 5, 20, [122] [123] [124] . Currently known electrotrophs are Sporomusa ovata, Geobacter sulfurreducens, Clostridium ljungdahlii and Morella thermoacetica [4, 122] . Microbial electrosynthesis (ME) technology utilised in MECs relies on these microbes to receive electrons from the cathode, which they subsequently use to reduce carbon dioxide and form useful chemical by-products such as biofuels and can also fix carbon, which is beneficial to reducing greenhouse gases [4, 122] .
As with MFCs, MECs have a variety of architectures, with the most common being two-chamber (2CMEC) and single-chamber (SCMEC) MECs. The main advantage of the 2CMEC system is its higher hydrogen production ability [20] . Methane yields of 80.9 mL/L from 2CMEC systems have been reached in concert with the modification of the cathode with the addition of graphite felt to carbon rods to form a hybridised biocathode [125] .
Although lower in hydrogen production, the membrane-free SCMECs are less costly than 2CMECs, particularly if hydrogen production can be improved by using continuous rather than batch mode operation. The application of membrane-free SCMECs in the fermentation of organic matter for energy recovery has resulted in improvements to the overall stability of anaerobic digestion processes while also improving the performance of energy recovery [126] .
Microbial Solar Cells Enhance MES Functions
Microbial solar cells (MSCs) describe MESs that gain energy from photosynthesis by utilising plants (PMSCs), algae (AMSCs) or photosynthetic bacteria (BMSCs) in combination with electroactive bacteria (EAB) to produce electrical current or commodity chemicals [1, 16] . MSCs differ from other MECs in that they produce organics and carbon products via photosynthesis. These organics are then oxidised at the anode by the ARB before commodity chemicals are synthesised at the cathode via the reduction of oxygen or other final electron acceptors [1, 16] . One advantage of using PMFCs over agricultural bioethanol or biodiesel production is that they do not use arable land that would be better allocated for food production [127] . In fact, competition between food production and energy generation has been circumvented in some rice paddy fields where electricity is generated and harvested via EAMs within the rice paddy without interrupting food production [128] . These systems potentially represent a dual benefit, as other studies have also shown that the addition of compost to PMFCs composed of rice plants has increased electricity production [129] .
Microbial Desalination Cells May Supplement Strategies for Water Sustainability
It is estimated that, over the next few years, access to clean, potable water will continue to decrease, which will lead to a reliance on desalination technologies such as microbial desalination cells (MDCs) [130, 131] . The main desalination technologies currently in use are distillation, electrodialysis and reverse osmosis, which can have high-energy demands. One way of improving the efficiency of the process is to use wastewater influent as a source of organics for EABs in MDCs. The EABs degrade the organic matter in the MDC to produce an electrical potential that drives ion transport through the ion exchange membrane (IEM), desalinating the water [131] . This provides 1.8 to 2.1 kWh/m 3 of energy to the process, resulting in treated wastewater and desalinated sea water [131] .
Microbial Remediation Cells
Another challenge throughout urban systems as well as developing nations is environmental contamination, including soil and groundwater contamination. Microbial remediation cells (MRCs) present a solution to such contamination, without the costly or energy-intensive methods currently in use [1] . MRCs act as MESs and are placed at sites of contamination to enrich and stimulate the activity of microorganisms, including EAMs, capable of degrading pollutants. MRCs set up for the degradation of diesel have demonstrated removal rates of up to 82% of contaminants [132] . The role of the electrode in MRCs varies based on the type of contaminant being targeted, with MRCs focused on petroleum or diesel utilising it as an acceptor [132, 133] , and those focused on the oxidation of uranium, perchlorate or chromium utilising the electrode as a donor [134] [135] [136] .
Conclusions and Future Prospects
MESs have, in recent years, fuelled a range of investigators from different fields, including engineering, material sciences, and microbiology, to delve into the construction and application of these devices for the production of biocommodities including biofuels, as well as other applications such as the production of power or bioremediation of environments. These systems utilise the microbial metabolism of EAMs that can be harnessed with the presence of electrodes, which they can use to accept or donate electrons. EAMs that are capable of using electrodes as electron acceptors are known as electricigens and are capable of producing low amounts of electrical current in doing so. Furthermore, electrotrophs-EAMs that can use electrodes as electron donors-can be utilised for the production of compounds including biofuels and biogas. The understanding of the taxonomic range of EAMs, and the exact mechanisms used for EET, continue to expand, allowing for more opportunities to tailor the efficiency of EET mechanisms and the desired outcomes for different MES designs. Furthermore, by testing different materials and designs of the components within MESs, such as the anode, cathode and other membranes or filters, these devices continue to be specialised and improved for their individual aims. This review has outlined the basic components and designs of MECs, including MFCs for power generation and MECs for compound production, as well as the microbial taxa and EET mechanisms that are exploited within these systems.
Future prospects for research into MFCs should include further investigation into the feasibility of scaling-up differing MFC designs relative to their practical applications and the resulting material requirements, while continued investigation of the microbiological aspects of MFC operation both in the context of electricigens and eletrotrophs may further expand avenues for the optimisation of these devices through biological in addition to engineering-based approaches. 
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